Settling Velocity, Aggregate Stability, and Interrill Erodibility of Soils Varying in Clay Mineralogy
Mechanisms of aggregate disruption and the measurement techniques used to quantify them for diff erent aggregate sizes aff ect the relation of aggregate stability to soil erodibility and to basic soil properties. We evaluated two diff erent techniques of aggregate stability analysis that gave either a settling velocity or stability of aggregates parameter for diff erent sized aggregates which we compared with interrill erodibility for 10 clay soils. We compared the diff erences in these parameters from slow wetting to reduce slaking to air-dried aggregates and compared these diff erences to soil properties. Aggregate settling velocity and stability and soil interrill erodibility were strongly aff ected by clay mineralogy and physical-chemical properties. Th e mechanism of aggregate disruption was dependent on clay type. Slaking during fast wetting was important in kaolinitic/oxidic soils, whereas highly smectitic clay increased particle dispersion and slaking on swelling, with a consequent reduction in size and speed of settling aggregates. Swelling of clays may have overridden any reduction in slaking by slow capillary prewetting of illite or smectite (with no kaolinite) soils, causing aggregate instability with both slow and fast wetting procedures. Correlation analysis showed that 4.76-to 8-mm aggregates with a high slaking index also demonstrated more slaking under wet sieving and slower fall velocity. Interrill erodibility had greater correlation with the mean weight diameter (MWD) of stable aggregates in the 1-to 2-mm size class, than for the whole soil (aggregates < 8 mm), and no correlation was observed with any of the slaking indexes involving wet sieving or settling in water. Multiple regression analysis indicated that 89% of the variability in erodibility for prewetted soil was explained by MWD of prewetted 1-to 2-mm stable aggregates (MWD W ), available water content, and fall velocity of 1-to 2-mm dry aggregates, while 96% of the variability in erodibility for dry soil was explained by MWD W for 1-to 2-mm prewetted aggregates, water dispersible clay, and fall velocity for 1-to 2-mm dry aggregates. Th e interrill erodibility, for dry and wet soil, was greatest for the highly smectitic and least for the high-clay kaolinitic/oxidic, both under annual crops. Th e higher erodibility and lack of slaking reduction eff ect on our prewetted soil under simulated rainfall is explained by a confounding eff ect of high water table, high steadystate runoff and slaking.
Abbreviations: ASI, aggregate stability index; CEC, cation exchange capacity; D, air-dry soil; D for dry sieved; K i , interrill erodibility; KR, erodibility ratio; MWD, mean weight diameter; SI AS , slaking index based on aggregate stability; SI V , slaking index based on settling velocity; V 50 , fall velocity; W, prewetted soil; W for wet sieved.
formation . Illitic and kaolinitic soils with small amount of smectite may be dispersible and as susceptible to sealing as smectitic soils (Stern et al., 1991) since smectitic clays are generally more dispersive than kaolinitic clays (Goldberg and Glaubig, 1987) and have lower aggregate stability (Wakindiki and Ben-Hur, 2002) .
Some soils have strong aggregation which is usually attributed to the presence of free Al or Fe compounds (Six et al., 2000) , but may not necessarily play a role in aggregation since remobilization of Fe during soil formation is essential for Fe forms to play a role in aggregation, such as in Oxisols (Muggler et al., 1999) . Amorphous Fe is more eff ective than crystalline forms at stabilizing soil aggregates, even though it is present in lower concentrations (Duiker et al., 2003) . Soil mineralogy dominated by 1:1 clay minerals and oxides in tropical regions is associated with a higher aggregate stability, but a lower correlation between C contents and aggregate stability is observed .
Initial water content, rate of wetting, size class, and the method of determination are also determinants of aggregate stability and erosion Le Bissonnais, 1996; Levy et al., 1997; Reichert and Norton, 1994b) . Prewetting at low tensions increases aggregate stability (Bullock et al., 1988) , but if rapid wetting occurs differential swelling and air compression may cause incipient failure or slaking of aggregates, coupled with the weakening of interparticle forces. Lovell and Rose (1988b) observed that rapid wetting of the air-dry sediment caused a general decrease in aggregate settling velocities and attributed this to the breakdown of the coarser aggregates, predominantly by slaking. Aggregate slaking occurs due to disruption of aggregates by pressure buildup of entrapped air in the inter-particle spaces of the aggregate (Le Bissonnais, 1990 Bissonnais, , 1996 .
Diff erent mechanisms responsible for aggregation (Tisdall and Oades, 1982) aff ect diversely the stability of diff erent soil fractions Zhang and Horn, 2001 ). Zhang and Horn (2001) observed that the mechanism of aggregate breakdown was in the order, slaking > mechanical breakdown > microcracking and they diff ered with soil type and composition. Th ese distinct mechanisms of aggregate disruption of diff erent aggregate sizes and the measurement techniques used to quantify them should aff ect the relation of aggregate stability to soil erodibility and to basic soil properties.
Aggregate stability by wet sieving is a well-established method and is more related to soil management eff ect on soil structure.
Another technique to determine aggregate stability is based on high energy moisture characteristic (Levy and Mamedov, 2002) , which produces information on low tension water retention, plus infi ltration and surface seal potential. Conversely, methods based on settling velocity, such as the one proposed by Hairsine and McTainsh (1986) , generate direct information on aggregate slaking, sediment transportability, and speed of deposition.
In spite of the importance of soil aggregation and its relation to soil erosion, information on the eff ects of measurable soil properties on interrill erodibility, particularly for clayey soils with varying mineralogy, is limited. Th is research hypothesized that aggregate settling velocity and stability and soil interrill erodibility are dependent on clay mineralogy, where disruption of aggregates is mainly the result of slaking during fast wetting in kaolinitic/oxidic soils, and particle dispersion and slaking on swelling in highly smectitic soils. Th e specifi c objectives of this study were to: (i) determine the eff ect of antecedent moisture on settling velocity and stability of aggregates from some clayey soils with varying clay mineralogy, (ii) evaluate soil interrill erodibility for these soils under air-dried (D) and slowly prewetted (W) conditions, and (iii) identify relationships between interrill erodibility and aggregate and soil properties.
MATERIALS AND METHODS
Soil samples were taken from A horizons (0-10 cm) from 10 soils from Australia, Brazil, and USA. Soil samples were collected at fi eld moisture, air-dried, and gently sieved through an 8-mm sieve before shipping them to the National Soil Erosion Research Laboratory at Purdue University. Predrying and sieving was necessary since several samples were collected overseas, avoiding the need of rewetting bulk samples which would invariably dry and harden during shiping. All soils had high clay content (302-662 g kg −1 ), which originated from a variety of climatic and pedogenic environments. Soil classifi cation, clay mineralogy, and textural classes are given in Table 1 , whereas a more detailed physical and chemical characterization is presented in Table 2 and methods used can be found in Norton (1994a, 1996) .
Settling velocity of three size classes (<8.00 D, 1.00-to 2.00-mm D, and 4.75 to 8.00 D and W) were determined in triplicate by using a Griffi th tube. Th e tube is a 2-m long glass tube with a closed top where aggregates can be placed into a free standing column of water either dry or in solution. Th e tube is much like holding your fi nger over a straw and lift ing it out of water full . Th e apparatus, procedure, and calculations are fully described in Hairsine and McTainsh (1986) , whereas applications are presented in Loch (2001) . Th e fall velocity at 50% mass (V 50 ) was calculated by regression. Th e MWD of stable aggregates was determined in triplicate by wet sieving (MWD W ) (Kemper and Rosenau, 1986 ) of both air-dried (MWD WD ) and prewetted aggregates (MWD WW ) for three size classes: <8.00-mm, 4.75-to 8.00-mm, and 1.00-to 2.00-mm aggregates. Th e MWD of air-dried aggregates <8 mm was also determined by dry sieving (MWD DD ), whose size distribution characterizes the soil samples used for settling velocity, wet sieving, and erodibility studies. Air-drying was at room temperature under fairly humid conditions so the drying was not rapid, whereas the prewetting of the aggregates for both the Griffi th tube and wet sieving analyses was done by gradual wetting at −0.5-kPa matric potential with deionized water for 2 h. Deionized water was used as a surrogate for rainfall water, which is also very low in electrolytes, having similar eff ects in terms of clay dispersion and electrolyte leaching.
Since the slaking of aggregates is due to aggregate disruption caused by entrapped air during rapid wetting (Le Bissonnais, 1996) , by comparing slow and fast-wetting results two slaking indices were defi ned. One slaking index is based on settling velocity (SI V ) and was defi ned as the ratio between the V 50 of prewetted soil (V 50W ) to the V 50 of air-dry soil (V 50D ) (Norton and Dontsova, 1998; Green et al., 2004) . Another index is based on aggregate size (SI AS ) was obtained by dividing the MWD WW by MWD WD of each aggregate-size class. Both indexes, as defi ned herein, describe the diff erence between the disintegration of air-dried aggregates by rapid wetting and the disintegration of prewetting aggregates by diff erential swelling mostly (Le Bissonnais, 1996) .
Th e ratio of MWD from wet and dry aggregate by size fraction allows comparing soils with diff erent initial aggregate-size distribution Th us, for soil with aggregates <8-mm prewetted under tension, an aggregate stability index (ASI) was obtained by dividing MWD WW < 8 by MWD DD < 8 . Th e ASI can be used to quantify the increase in mean aggregate size due the reduction in the examined aggregate breakdown process.
Interrill erodibility (K i ) was calculated using erosion data from Norton (1994a, 1996) , following Elliot et al. (1989) . For these erosion trials, a 3-cm layer of sieved-soil with aggregates <8 mm was packed over a 12-cm sand layer in a 32-cm wide and 45-cm long erosion pan. Th e erosion pans were designed to only capture surface runoff and infi ltrating water was sampled from below under a slight tension (−5 cm). More details of the erosion pan are given in Bradford and Ferris (1987) .
Before the rain, the soil was either (i) prewetted from the bottom with deionized water and left saturated for a total of 2 h; then the slope was set to 5%, and let drain for 30 min at −0.5 kPa matric potential; or (ii) kept air-dried. We expected less structural collapse, maintaining porosity, and thus less change in hydraulic properties with prewetting. During the rain, the slope of the erosion pan for both treatments was at 5% and a −0.5 kPa matric potential was kept on the prewetted treatment.
Constant rainfall at a target rate of 110 mm h −1 was applied using a programmable rain simulator equipped with 80-100 Veejet nozzles (Spraying Systems, Wheaton IL). Deionized water with electrical conductivity (EC) < 18 μS cm −1 was used as rainwater, and the duration of the rain was 2 h for the most stable kaolinitic soils (Oxisols and Ultisols) and 1.5 h for the least stable smectitic and illitic soils (Alfi sols, Aridisols, and Vertisols). Th ese durations were suffi cient to obtain steady-state conditions, as shown in Norton (1994a, 1996) , which were defi ned as the length of time when four consecutive runoff samples gave the same volume for the collection time. Th is of course took longer for the more stable soils. Runoff and sediment were collected at the bottom edge of the pan. Steady-state (equilibrium) sediment loss rate was calculated as the averaged value for the last 10 min in each rain. Steady state rates are typically used to compare diff erent soils since variability is minimized. Th erefore, observed diff erences are real and not artifacts of preparation of the plot, for instance. Granted the slaking, swelling, and other processes occur in the non-steady state initial conditions, but there is a large amount of variability introduced when packing and prewetting.
Erosion trials were run twice in a completely randomized design. Analysis of variance (ANOVA), correlation analysis and stepwise multiple linear regressions were performed using SAS procedures. Th e multiple regression analysis had no predictive purpose, thus the coeffi cients are not presented. Means of the data were compared using the Tukey's multiple comparison test (α = 0.05) using SAS Institute (1988).
RESULTS AND DISCUSSION

Aggregate Settling Velocity and Slaking
Th e ranking of soils for settling velocity V 50 (Table 3 ) and for MWD (Table 4) was dependent on the aggregate-size class and wetting conditions, demonstrating that the susceptibility to slaking is aff ected by those variables. In general, the V 50 of dry aggregates in all soils was greater in the 4.76 to 8 mm compared with the other aggregate sizes (Table 3) , in accordance with Lovell and Rose (1988b) . Th e greatest V50 values of 4.76-to 8-mm aggregates are always 0.40 no matter what kind of soil types or pretreatments they are. Th e speed of which aggregates fall are a function of both size and mass. Because they are larger does not mean they fall faster nor have a greater density. Large aggregates with a lot of pore space may actually have a slower V 50 . Th e least V 50 of air-dried aggregates of three size-classes (<8 mm, 4.76-8 mm, and 1-2 mm) and prewetted aggregates (4.76-8 mm) was obtained for Irving Clay. Th is soil is highly expansive due to its smectitic clay, which increases clay dispersion and slaking on swelling, reducing the size of settling aggregates. Heiden and Pierre, although also smectitic, are less expansible (Reichert and Norton, 2004a) , had high V 50 and showed much higher Table 3 . Settling velocity for dry (V 50D ) and wet (V 50W ) aggregates of different sizes (<8, 4.76-to 8-, and 1-to 2-mm diam.), slaking index based on settling velocity (SI V ) based on settling velocity for aggregates 4.76 to 8.00 mm, interrill erodibility for wet (K iW ) and dry (K iD ) soil, and erodibility ratio (KR). Reichert and Norton, 1994b) . #SI AS 1-2 = MWD WW 1-2 /MWD DW1-2 .
aggregate stability by wet sieving (Table 4) . On the other hand, the greatest V 50 values varied among soils (Heiden, Hoytville, Pierre, and Bayamon) depending on the aggregate size evaluated; these four soils also had highest MWD for aggregates < 8 mm. Interestingly, no relation is observed between V 50 and MWD of small-size aggregates (1-2 mm) when comparing soils, which refl ected in a low or no correlation (Table 5) .
Th e V 50 for dry aggregates was positively correlated (Table  6 ) with critical fl occulation concentration of electrolytes (CFC) and the ratio of CFC to clay content (CFC/%Clay) for aggregates < 8 mm and CFC/%Clay for 1-to 2-mm aggregates, whereas no correlation with soil properties was observed for 4.76-to 8-mm aggregates. A greater number of variables correlated with V 50 for prewetted aggregates in the range of 4.76 to 8 mm, including water content at permanent wilting point, sodium adsorption ratio (SAR), and the ratio of SAR to clay content (SAR/%Clay). Th e V 50 for <8-mm dry aggregates was signifi cantly correlated (Table 5 ) with the V 50 for dry aggregates of sizes 1 to 2 and 4.57 to 8 mm, and with the stability (MWD) of prewetted and initially dry aggregates < 8 mm.
As defi ned by Norton and Dontsova (1998) , the slaking index (SI V ) represents the reduction (>1), increase (<1), or no eff ect (=1) in breakdown during settling due to capillary prewetting. Herein, SI V refers to both diff erential swelling function by prewetting and the real slaking function induced by entrapped air during fast wetting. Four soils (three kaolinitic and one smectitic) had SI V > 1, while for a silty clay smectitic soil this index was < 1 (Table 3) . SI V was signifi cantly correlated with Fe content extracted by dithionite-citrate-bicarbonate, which represents crystalline pedogenic Fe forms, possibly through its positive eff ect on aggregate formation.
When testing aggregates 4.76 to 8 mm, soils with greater slaking index based on settling in water (SI V ) also had slower fall velocity of airdry aggregates (V 50D ) and greater slaking under wet sieving (SI AS ) (Tables 3 and 4) . Th ese are consistent results, since aggregate slaking causes a reduction in aggregate size and releases smaller aggregates that have slower fall velocity. However, when testing aggregate stability under wet sieving, the SI AS expresses the increase in aggregate stability. Presumably, this is due to a decrease in slaking with capillary prewetting. Diff erences in slaking explain the tendency of greater stability under wet sieving for capillary-prewetted soil as compared to air-dried soil. Immersion of air-dried soil in water causes a pressure buildup of trapped air as water enters the intra-aggregate pores. If the rupture force overcomes the binding and cohesive forces holding particle together, then slaking occurs. Slaking is reduced with a reduced rate of wetting of aggregates, since no pressure builds up inside the aggregates while the surface tension of water holds particles together .
At the onset of a rainfall, the soil surface may be composed of large, dry aggregates that might not, however, resist the compressive and shearing forces from raindrop impact and runoff . An estimate of such a relation is given by the aggregate stability index (ASI), which is the ratio between the MWD of water stable aggregates to the MWD of dry aggregates (Table 4) . A high value of ASI represents a small reduction in MWD diameter of aggregates of the bulk soil (<8-mm size aggregates) with wet sieving. Th e great- Reichert and Norton, 1994b) . † † SI AS1-2 = MWD WW1-2 /MWD DW1-2 ., * P < 0.05. ** P < 0.01. *** P < 0.001.
est ASI was obtained for Pierre soil and the least ASI for Irving Clay. Soils with greater ASI had also faster fall velocity of 1-to 2-mm dry aggregates (V 50D ) and aggregate stability of dry aggregates of the same size (MWD W ), and lesser interrill erodibility of prewetted soil (K iw ) (Table 3 and 4). Th is initially large, stable aggregates may resist the disrupting forces by raindrop impact and interrill overland fl ow, and thus explain the greater water infi ltration rate and lower runoff rate observed by Norton (1994a, 1996) and thus decreasing their erodibility of prewetted soil (r 2 = -0,71*, in Table 5 ) of those soils.
Aggregation Related to Soil Properties
Th e SI AS (Table 4 ) expresses the increase (if > 1) or decrease (if < 1) in aggregate stability due to mainly a decrease in slaking during wet sieving of prewetted aggregates. For all the large aggregate sizes tested (<8 mm and 4.76-8 mm), the SI AS was generally greatest for clayey soils rich in kaolinite and Fe and Al oxyhydroxides and least for 2:1 clay type silicates. Apparently, for the kaolinite and oxide dominant soils, the disruption of aggregates is mainly induced by slaking during fast wetting, not by diff erential swelling during pre-wetting.
Th e SI AS < 8 had a signifi cant negative relation to silt, CFC, and CFC/%Clay, while SI AS4.76-8 with base saturation, Fe extracted with dithionite-citrate-bicarbonate, CFC/%Clay. For the smaller aggregates (1-2 mm) no signifi cant correlation was observed, whereas SI AS1-2 was negatively correlated with silt content.
Soils with a high silt content or high ratio of critical fl occulation concentration to clay content rendered the soil unstable for both wetting conditions (initially dry and prewetted), indicating that the rate of wetting and thus slaking were not signifi cantly reduced. Additionally, for soils with clay-sized silicates dominated by illite or smectite (with no kaolinite), the swelling of clays may have overridden any reduction in slaking by slow capillary prewetting, causing aggregate instability with both wetting procedures. Kemper et al. (1987) proposed that, in soils with high clay contents and surface area, interparticle contact and water adsorption increases the water tension for a given water content, but the hydration of exchangeable cations and swelling of clays weakens the bonds between soil colloids. In the study, diff erences in clay content and organic matter partially explained diff erences in stability with wetting.
Th e ranking of MWD of stable aggregates with wet sieving (Table 4) was dependent on soil aggregate size and wetting procedure, possibly indicating distinct action of aggregation agents and dispersion processes in aggregate stability. Correlation analyses for 1-to 2-mm prewet aggregates (MWD W for 1-to 2-mm aggregates) showed the greatest number of properties with negative correlation (Table 7) , namely pH in water and in CaCl 2 , base saturation, CEC, surface area, water content at permanent Pearson coeffi cient of correlation for settling velocity of dry (V 50D ) and wet (V 50W ) aggregates of different sizes ( <8-,  4.76-to 8-, and 1-to 2-mm diam.), slaking index based on settling velocity (SI V ) based on settling velocity for aggregates 4.76 to  8.00 mm, interrill erodibility for wet (K iW ) and dry (K iD ) soil, and erodibility ratio (KR) with selected soil wilting point and at fi eld capacity, exchangeable Ca, total bases, and sodium adsorption ratio. Zhang and Horn (2001) observed that the normalized mean weight diameter of the aggregates after fast wetting and wet stirring was more correlated with soil properties, such as degree of micro-aggregation, CEC, Fe and Al oxides rather than clay and soil organic content. All these results indicate that physical-chemical properties of the clay play an important role in aggregate stability of these soils with high clay content, as had been suggested previously by Warkentin (1982) . Our present results also show that the relation between soil aggregate stability depends on aggregate size. When distinguishing between non-swelling (1:1 clay minerals and oxides) and swelling soils (2:1 clay minerals), Reichert and Norton (1994b) concluded that soil properties related to stability of 4.76-to 8-mm aggregates are quite diff erent for the two groups of soils. Th ey also observed that aggregate stability was positively related with CEC for non-swelling soils and negatively related for swelling soils, suggesting that for swelling soils increasing CEC may decrease aggregate stability due to increased cation hydration and swelling.
Aggregation Relation to Erodibility Parameters
For both prewet and air-dry soil, the interrill erodibility (K i ) was greatest for the smectitic Irving Clay, and the least for the kaolinitic Londrina and smectitic/illitic Pierre (Table 3) . Th e low K i for the Pierre soil was not expected, but possibly the presence of root fragments physically bound soil particles together, thus resisting soil detachment by rain impact and shallow overland fl ow.
Interrill erodibility, for initially dry soil (K iD ), was positively correlated (Table 6 ) with CEC, surface area, water content at permanent wilting point and at fi eld capacity, exchangeable sodium, total bases, SAR, and SAR/%Clay. For prewetted soil, K iW correlated to total bases, SAR, and water content at permanent fi eld capacity.
Multiple regression analysis indicated that MWD WW for prewetted 1-to 2-mm aggregates, available water content, and V 50D1-2 explained 89% of the variability in erodibility for prewet soil (K iW ), whereas MWD WW for prewetted 1-to 2-mm aggregates, water dispersible clay, and V 50D for 1-to 2-mm aggregates explained 96% of the variability in erodibility for dry soil (K iD ). 97% of the variability in the K i ratio (K iw /K iD ) was explained by the soil properties ΔpH (pH H2O -pH CaCl2 ), SI V , and surface charge (cation exchange capacity/surface area). Th ese results are in agreement with observations of Warkentin (1982) and Reichert and Norton (1994b) that stability, and thus interrill erodibility, of soils with high clay content depends on the physical-chemical properties of the clay. Table 7 . Pearson coeffi cient of correlation for mean weight diameter by dry sieving (MWD DD ) and by wet sieving of prewetted (MWD WW ) and air-dry (MWD DW ) and aggregates of different classes, aggregate stability index (ASI) based on wet and dry sieving of aggregates < 8 mm, and slaking index based on aggregate stability (SI AS ) based on MWD from wet sieving of air-dry and prewetted aggregates of different classes with selected soil properties. Reichert and Norton, 1994b) . ¶ SI AS 1-2 = MWD WW 1-2 /MWD DW1-2 . * P < 0.05. ** P < 0.01. *** P < 0.001. Interestingly, interrill erodibility had a higher correlation (Table 5 ) with the stability (MWD) of aggregates in the 1-to 2-mm size class, than for the whole soil (aggregates < 8 mm), contrary to the suggestion of DeBoodt et al. (1974) that correlations between aggregate stability and soil loss may sometimes exist only if the whole soil is tested. Th is demonstrates a need for further studies. No signifi cant correlation, however, was observed with any of the slaking indexes involving for wet sieving (SI AS ) or settling in water (SI V ) for these high clay soils in the interrill erodibility.
Th e increased aggregate stability and settling velocity observed with capillary prewetting, in general, did not result in lesser erodibility, possibly because of the high water table kept during rainfall on the prewetted soil. Prewetting from the bottom up increased interrill erodibilty for eight soils, and decreased it for two soils with the highest clay content (Londrina and Irving Clay), regardless of the clay mineralogy. Th is result is contrary to the observed by who obtained a lesser wash loss for prewetted than for air-dried soil only for the Heiden clay soil, but are in concordance with the observations of Francis and Cruse (1983) . As the matric potential increases and approaches a zero potential (close to saturation), a decrease in both the soil aggregate strength (Benjamin and Cruse, 1985) and aggregate stability (Francis and Cruse, 1983) can be expected. As the pores become saturated, swelling of clays generates pressure and cohesion is reduced, thus increasing aggregate instability. Th ese authors state that soil management practices, which enhance internal drainage and promote reductions in the matric potential in the plow layer, will promote structural stability, while slow drainage will have the opposite eff ect.
Th ese apparent contradictory results demonstrate the importance of the drainage condition. In our study, for the dry soil water drained freely, while for the prewetted soil the water table was kept at −0.5-kPa matric potential below the soil surface. Under this situation, the capillary fringe extended even closer to soil surface, maintaining the soil close to saturation, possibly reducing soil strength and aggregate stability, thus increasing the soil erodibility. Although, keeping the soil at a −0.5-kPa matric potential throughout the rain is desirable when infi ltration is measured implicitly and a uniform tension among soils is of interest (Reichert and Norton, 1994b) , such low tension rarely takes place in the fi eld (Sharma et al., 1981) . Additionally, prewetted soil with near surface water table increased steady-state runoff for four kaolinitic soils compared with initially air-dry soil with free drainage, namely Bayamón, Cecil, Middle Ridge, and Molokai, while no statistical diff erence was observed for the other six soils (Reichert and Norton, 1994b) .
Th ere appears to be a confounding eff ect of a high water table, high steady-state runoff , and slaking may explain the greater erodibility and lack of slaking reduction eff ect on our prewetted soil under simulated rainfall. One way to resolve this is to apply diff erent rates of wetting and similar tensions in the soil, at least aft er a surface seal has formed. Also, shearing forces during wet sieving and settling in water are vastly diff erent in magnitude from the shearing and compressive forces under raindrop impact with a high intensity rainfall. Th ese suggest that an alternative method of aggregate stability testing, such as using raindrop impact (Young, 1984; Reichert et al., 1992; Loch and Foley, 1994) , be considered in erosion studies.
CONCLUSIONS
Th e results of this study confi rm that the soil clay properties aff ect aggregate settling velocity and stability and soil interrill erodibility. Th e slaking index based on aggregate stability, for all the large aggregate sizes (<8 mm and 4.76-8 mm), was generally greatest for clayey soils rich in kaolinite and Fe and Al oxyhydroxides and least for 2:1 clay type silicates, demonstrating a decrease in slaking during wet sieving of prewetted aggregates of the former soils. For the kaolinite and oxide dominant soils, the disruption of aggregates is mainly induced by slaking during fast wetting, not by diff erential swelling during prewetting. Highly smectitic clay increases particle dispersion and slaking on swelling, thus reducing the size and speed of settling aggregates. For soils with clay-sized silicates dominated by illite or smectite (with no kaolinite), the swelling of clays may have overridden any reduction in slaking by slow capillary prewetting, thus causing aggregate instability with both slow and fast wetting procedures. In the absence of rooting eff ect on aggregation, the interrill erodibility (K i ) was greatest for the highly smectitic and least for the high-clay kaolinitic/oxidic soil. In the correlation and regression analysis, soils with 4.76-to 8-mm aggregates with greater slaking index (SI V ) while settling in water had also greater slaking under wet sieving (SI AS ) and slower fall velocity (V 50D ). Interrill erodibility of dry and wet soil had a greater correlation with the stability (MWD) of aggregates in the 1-to 2-mm size class, than for the whole soil (aggregates < 8 mm), while no correlation was observed with any of the slaking indexes involving wet sieving (SI AS ) or settling in water (SI V ). Multiple regression analysis indicated that MWD WW for 1-to 2-mm prewetted aggregates, available water content, and V 50D for 1-to 2-mm aggregates explained 89% of the variability in erodibility for prewet soil (K iW ), while MWD WW for 1-to 2-mm prewetted aggregates, water dispersible clay, and V 50D for 1-to 2-mm aggregates explained 96% of the variability in erodibility for dry soil (K iD ). Correlations of aggregate stability and fall velocity with soil properties suggest that physical-chemical properties of the clay fraction play an important role in aggregate stability of these soils with high clay content. A confounding eff ect of high water table, steadystate runoff and slaking explain the greater erodibility and lack of slaking reduction eff ect on our prewetted soil under simulated rainfall. When comparing the two tested methods to determine aggregate stability, our method based on settling velocity generated direct information on aggregate slaking, sediment transportability, and speed of deposition, which are directly related to soil erosion and sedimentation.
